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FIG. 4A
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FIG. 4B
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METHOD AND APPARATUS FOR TURBO
ENCODING AND DECODING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the National Stage filing under 335
U.S.C. §371 of International Application No. PCT/KR06/

033525, filed on Sep. 5, 2006, which claims the benefit and

right of priority to Korean Application No. 10-2005-
0082443, filed on Sep. 5, 2005.

TECHNICAL FIELD

The present invention relates to turbo encoding and decod-
ing, and more particularly, to a method and apparatus for
turbo encoding and method and apparatus for turbo decoding.
Although the present invention is suitable for a wide scope of
applications, 1t 1s particularly suitable for enhancing speed
and performance of encoding or decoding 1n case of using
turbo codes as channel codes.

BACKGROUND ART

Generally, Shannon capacity 1s a limit value of a transmis-
s1on data rate to secure reliable communications for a channel
having various noises. Many eflforts have been made to meet
channel code performance approaching a limit of channel
capacity and such a channel code condition as encoding and
decoding complexity, decoding speed and the like.

A next generation mobile communication system needs a
fast data rate and reliable data transier. For this, a powertul
channel-encoding scheme 1s necessary. A turbo encoder 1s
configured in a manner that two recursive type convolutional
encoders are connected parallel to each other to leave an
interleaver in-between. Since channel capacity of the turbo
codes has excellent performance close to that of Shannon
capacity, the turbo codes can become channel codes suitable
for the next generation mobile communication system.

FIG. 1 1s a block diagram of a general turbo encoder
according to a related art. Referring to FIG. 1, a first constitu-
ent encoder 1 recetves information bits and then generates
first redundant bits by encoding the recerved information bits.
A second constituent encoder 3 receives information bits
interleaved by an encoder interleaver 2 and then generates
second redundant bits by encoding the encoded imnformation
bits. In case of turbo encoding, the first or second redundant
bits are parity bits.

For highly reliable decoding by a turbo decoder, each con-
stituent encoder of a turbo encoder adopts a scheme of forcing
trellis to be terminated by inserting tail bits or a circular
coding scheme. In the circular coding scheme, an initial state
of trellis 1s set equal to a final state of the trellis. Since there 1s
no additional bit insertion, the circular coding scheme pro-
vides band efficiency higher than that of the tail-bit inserting
scheme. In this case, the 1nitial and final states are named a
circular state. In order to determine the circular state, an 1nitial
state 1s set to a zero state and the final state 1s then found by
performing encoding. So, 1t 1s able to calculate the circular
state using the final state and a specific encoder configuration.
And, 1t 1s also able to generate redundant bits by re-executing,
encoding by setting the calculated circular state to the mitial
state.

FI1G. 2 1s a block diagram of a turbo decoder 1n accordance
with a related art. Referring to FIG. 2, an information bit
sequence, a lirst redundant bit sequence and a second redun-
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2

dant bit sequence outputted from the encoder shown in FIG.
1 are modulated and then transmitted to a receiver for a turbo
encoder shown 1n FIG. 2.

The recerver receirves the modulated bit sequences,
demodulates the received bit sequences, and then supplies the
demodulated bit sequences to the turbo decoder shown 1n
FIG. 2. A first constituent decoder 4 recerves the demodulated
information bits and the demodulated first redundant baits,
performs a decoding process on the recerved bits, and then

calculates extrinsic information of the first constituent
decoder 4.

A decoder interleaver §' interleaves the extrinsic informa-
tion of the first constituent decoder 4 and then inputs the
interleaved extrinsic information to a second constituent
decoder 6. The second constituent decoder 6 receives the
demodulated information bits, the demodulated second
redundant bits and then the first constituent decoder’s extrin-
sic information interleaved by the decoder interleaver 5, per-
forms a decoding process on the received bits and 1informa-
tion, and then calculates extrinsic information of the second
constituent decoder 6.

A decoder deinterleaver 7 rearranges the extrinsic infor-
mation of the second constituent decoder 6 and then inputs the
rearranged extrinsic information to the first constituent
decoder 4. The above explanation 1s a description of a decod-
ing process corresponding to an iterative decoding countof 1.
And, the iterative decoding process keeps proceeding, unit
specific decoding performance 1s achieved.

Thus, the turbo decoder consists of a plurality of constitu-
ent decoders. And, internal elements of each of the constitu-
ent decoders calculate various kinds of metrics to perform a
decoding operation. These metrics are classified into a tran-
sition metric, a forward metric and a backward metric. And, a
log likelihood ratio (hereinafter abbreviated LLR) of infor-
mation bits and the like are calculated based on the forward
and backward metrics.

FIG. 3A and FIG. 3B are diagrams for forward and back-
ward metric operational methods 1n a turbo decoder accord-
ing to a related art, respectively.

Referring to FIG. 3A, a k” forward metric ., is calculated
from a (k-1)" forward metric o.,_, and a (k-1)" transition
metric y,_,.And, a k” backward metric B, is calculated from
a (k+1)” backward metric 8,_, and a (k+1) transition metric

Vi1
Although a general turbo decoder needs to calculate both

torward and backward metrics to decide transierred informa-
tion bits, since a forward metric calculating process sequen-
tially proceeds from a first information bit to an N informa-
tion bit and a backward metric calculating process
sequentially proceeds from the N” information bit to the first
information bit, there occurs a delay amounting to an entire
information frame length. Besides, since the turbo decoder
performs the 1terative decoding, 1t 1s unable to avoid iterative
operations of the forward and backward metrics. So, such a
decoding delay 1s regarded as a disadvantage of the turbo code
decoder.

To solve the above disadvantage, various decoding
schemes, each of which consists of the steps of dividing a
frame length (N) of information bits into n_,, sub-blocks and
performing parallel decoding on each of the sub-blocks, have
been proposed.

As representative decoding schemes, there are a scheme of
inserting tail bits per a sub-block and a scheme of performing
an additional metric calculation by leaving guard windows 1n
front and rear of trellis of a sub-block 1n calculating forward
and backward metrics 1n a sub-block decoding process.
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These parallel decoding schemes are advantageous in that
a decoding delay 1s reduced about 1/n_ , time smaller than

Ay

that of a conventional decoding scheme. Yet, they are disad-
vantageous 1n that tail bits should be 1nserted per sub-block or
an additional metric calculation needs to be done to prevent
metric reliability from being lowered 1n decoding each sub-
block. This 1s because the tail bit insertion decreases a data
rate or the additional metric calculation execution increases
decoding complexity. Moreover, these parallel decoding
schemes accelerate performance degradation as a length of
sub-block gets smaller, 1.¢., the n_ , gets larger.

FIG. 4A and FIG. 4B are diagrams for forward and back-
ward metric operational methods 1n a turbo code decoding
apparatus adopting a circular decoding scheme, respectively.

Referring to FIG. 4A and FIG. 4B, 1n case of a forward
metric operation, if a forward metric o, in a final state is
calculated in an i” iterative decoding, it is used as a forward
metric o, """’ in an initial state in an (i+1)" iterative decoding.
In case of a backward metric operation, 1f a backward metric
B.," is calculated in an i” iterative decoding, it is used as a
backward metric $,“*" in a final state in an (i+1)” iterative
decoding. Through theses methods, a sequential calculation
process of forward and backward metrics can continue with-
out interruption, whereby metric reliability can be gradually

raised.

DISCLOSURE OF THE INVENTION

Accordingly, the present invention 1s directed to a method
and apparatus for turbo encoding and method and apparatus
for turbo decoding that substantially obviate one or more of
the problems due to limitations and disadvantages of the
related art.

An object of the present invention 1s to provide a method
and apparatus for turbo encoding and method and apparatus
for turbo decoding, by which encoding and decoding speeds
of turbo codes and performance thereof can be enhanced.

Additional features and advantages of the invention will be
set forth 1n the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention. The objectives and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
thereot as well as the appended drawings.

To achieve these and other advantages and 1n accordance
with the purpose of the present invention, as embodied and
broadly described, a method of turbo encoding, which 1s
performed on mputted information bits by a unit of an nfor-
mation frame including a predetermined number of bits,
according to the present invention includes the steps of divid-
ing the mformation frame nto at least two information sub-
blocks, encoding each of the at least two information sub-
blocks 1ndependently, rearranging information bits
configuring the information frame by interleaving the infor-
mation frame, dividing the rearranged information frame into
at least two information sub-blocks, and encoding each of the
at least two 1mnformation sub-blocks independently.

To further achieve these and other advantages and 1n accor-
dance with the purpose of the present invention, a method of
decoding turbo codes, by which a bit sequence 1s encoded,
includes a first step of dividing a first information frame
including information bits included in the encoded bat
sequence and first redundant bits into at least two received
sub-blocks and encoding each of the at least two received
sub-blocks independently, a second step of rearranging the
information bits by performing interleaving on the informa-
tion bits, and a third step of dividing a second information
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4

frame including the rearranged information bits and second
redundant bits into at least two received sub-blocks and
encoding each of the at least two recerved sub-blocks 1nde-
pendently.

Preferably, the method further includes a fourth step of
dividing a third information frame ncluding a first extrinsic
information sequence outputted from the third step to have a
rearranged order, the information bits included 1n the encoded
bit sequence and the second redundant bits 1nto at least two
received sub-blocks and decoding each of the at least two
sub-blocks independently, a fifth step of rearranging an order
ol the information bits by interleaving the information bits,
and a sixth step of dividing a fourth information frame includ-
ing a first extrinsic imformation sequence outputted from the
first step to have a rearranged order, the rearranged 1nforma-
tion bits and the second redundant bits into at least two
received sub-blocks and decoding each of the at least two
sub-blocks independently.

To turther achieve these and other advantages and 1n accor-
dance with the purpose of the present invention, an apparatus
for performing turbo encoding, which 1s performed on 1input-
ted information bits by a unit of an information frame 1nclud-
ing a predetermined number of bits, includes a first constitu-
ent encoding module dividing the information frame 1nto at
least two information sub-blocks, the first constituent encod-
ing module encoding each of the at least two information
sub-blocks 1independently, an interleaver rearranging infor-
mation bits configuring the information frame by interleaving
the information frame, and a second constituent encoding
module dividing the rearranged information frame into at
least two information sub-blocks, the second constituent
encoding module encoding each of the at least two 1informa-
tion sub-blocks independently.

Preferably, the first constituent encoding module includes
a first information sub-block generator dividing the informa-
tion frame into the at least two information sub-blocks, the
first information sub-block generator outputting the at least
two information sub-blocks and a first sub-block constituent
encoding unit comprising at least two sub-block constituent
encoders encoding the at least two information sub-blocks,
respectively.

Preferably, the second constituent encoding module
includes a second information sub-block generator dividing
the rearranged information frame into the at least two 1nfor-
mation sub-blocks, the first information sub-block generator
outputting the at least two information sub-blocks and a sec-
ond sub-block constituent encoding unit comprising at least
two sub-block constituent encoders encoding the at least two
information sub-blocks outputted from the second informa-
tion sub-block generator, respectively.

To turther achieve these and other advantages and 1n accor-
dance with the purpose of the present invention, an apparatus
for decoding turbo codes, by which a bit sequence 1s encoded,
includes a first constituent decoding module outputting a first
extrinsic information sequence in a manner of dividing a first
information frame including information bits included 1n the
encoded bit sequence and first redundant bits 1into at least two
received sub-blocks and decoding each of the at least two
received sub-blocks independently, a first decoder interleaver
rearranging the mformation bits by performing interleaving
on the information bits, a second decoder interleaver inter-
leaving to rearrange the first extrinsic mnformation sequence
outputted by the first constituent decoding module, a second
constituent decoding module outputting a second extrinsic
information sequence 1n a manner of dividing a second infor-
mation frame including the rearranged information bits and
second redundant bits into at least two received sub-blocks
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and decoding each of the at least two recetved sub-blocks
independently, and a decoder deinterleaver rearranging to
output the second extrinsic information sequence.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are mcluded to pro-
vide a further understanding of the mvention and are incor-
porated 1n and constitute a part of this specification, 1llustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FI1G. 1 1s a block diagram of a general turbo code encoding
apparatus according to a related art;

FI1G. 2 1s a block diagram of a turbo code decoding appa-
ratus according to a related art;

FIG. 3A and FIG. 3B are diagrams for forward and back-
ward metric operational methods 1n a turbo code decoding
apparatus according to a related art, respectively;

FIG. 4A and FIG. 4B are diagrams for forward and back-
ward metric operational methods 1n a turbo code decoding
apparatus adopting a circular decoding scheme, respectively;

FIG. 5 1s a block diagram of an apparatus for encoding
turbo codes according to one embodiment of the present
invention;

FIG. 6 1s a block diagram of a sub-block constituent
encoder configuring an apparatus for encoding turbo codes
according to one embodiment of the present invention;

FIG. 7 1s a block diagram of an apparatus for decoding
turbo codes according to one embodiment of the present
invention; and

FIG. 8 1s a block diagram of a sub-block constituent
decoder configuring an apparatus for decoding turbo codes
according to one embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

Reference will now be made i detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings.

FIG. 5 1s a block diagram of an apparatus for encoding
turbo codes according to one embodiment of the present
invention.

Referring to FIG. 5, an apparatus for encoding turbo codes
according to one embodiment of the present invention per-
forms turbo encoding on an inputted information bit sequence
by an information frame unait.

The turbo encoding apparatus according to one embodi-
ment of the present invention includes first and second 1nfor-
mation sub-block generators 10 and 11, each of which
receives an information frame of a length N, divides the
received information frame 1into n information sub-blocks and
then outputs the information sub-blocks, first and second
sub-block constituent encoding units 20 and 30, each of
which performing encoding on the corresponding n informa-
tion sub-blocks, an encoder interleaver 40 interleaving infor-
mation bits, and a serial converter 50 converting each output
of the first and second sub-block constituent encoding units
20 an 30 together with the information bits to a serial signal.

The first information sub-block generator 10 divides the
inputted mformation bit sequence mnto n information sub-
blocks by an information frame unit and then outputs the n
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6

information sub-blocks. In particular, the first information
sub-block generator 10 groups each of the information frame
of the mputted information bit sequence mnto n imformation
sub-blocks to output. In the embodiment shown in FIG. 5,
cach miormation frame includes N consecutive information
bits and each information sub-block includes N/n consecutive
information bits.

The encoder interleaver 40 receives the same information
bits that are mputted to the first information sub-block gen-
erator 10. The encoder interleaver 40 performs interleaving
on each information frame of the inputted information bit
sequence and then outputs the interleaved information frame.

The encoder interleaver 40 may include a block interleaver,
a convolutional interleaver, a contention-iree interleaver or
the like. In particular, when one information frame 1s inter-
leaved by being divided into a plurality of groups, the con-
tention-iree 1nterleaver 1s a sort of an interleaving technique
to prevent bits, which are located at the same positions of a
plurality of the groups prior to the mterleaving, respectively
from gathering into one group aiter the interleaving. The
contention-iree mterleaver 1s explained 1n detail by Oscar Y.
Takeshita, “On Maximum Contention-Free Interleavers and

=

Permutation Polynomials Over Integer Rings,” IEEE Trans-
actions On Information Theory, VOL 53, No. 3, pp. 1249-
1253, March 2006.

The second information sub-block generator 11 groups the
information frame interleaved by the encoder interleaver 40
into n information sub-blocks and then outputs the grouped
sub-blocks.

The n information sub-blocks generated by the first infor-
mation sub-block generator 10 are mputted to the first sub-
block constituent encoding unit 20, while the n information
sub-blocks generated by the second mnformation sub-block
generator 11 are mputted to the second sub-block constituent
encoding unit 30. The first sub-block constituent encoding
unit 20 generates n sub-block redundant-bit sequences, 1.¢.,
parity bit sequences by encoding the n information sub-
blocks independently. The second sub-block constituent
encoding umt 30 also generates n sub-block redundant-bit
sequences, 1.€., parity bit sequences by encoding the n infor-
mation sub-blocks independently. In the following descrip-
tion, the sub-block redundant bits generated by the first sub-
block constituent encoding unmit 20 are named “first sub-block
redundant bits’ and the sub-block redundant bits generated by
the second sub-block constituent encoding unit 30 are named
‘second sub-block redundant bits’.

FIG. 6 1s a detailed block diagram of the first or second
sub-block constituent encoding unit 20 or 30 of the apparatus
for encoding turbo codes according to one embodiment of the
present invention. An encoding process performed by the first
or second sub-block constituent encoding unit 20 or 30 is
explained 1n detail with reference to FIG. 6 as follows.

Referring to FIG. 6, the first or second sub-block constitu-
ent encoding unit 20 or 30 includes n sub-block constituent
encoders 20a to 20n. Each of the sub-block constituent
encoders includes a recursive type convolutional encoder and
a circular state calculator. In FIG. 6, the sub-block constituent
encoder 1s 1ndicated by a closed loop enclosing one circular
state calculator and one recursive type convolutional encoder.

Each of the recursive type convolutional encoders 21, to
21 1ncluded 1n the first or second sub-block constituent
encoding umt 20 or 30 performs encoding after having set an
initial state to a zero state. Once the encoding for each infor-
mation sub-block 1s completed, the recursive type convolu-
tional encoders 21, to 21 supply final states of sub-block
redundant bits for each information sub-block to the circular
state calculators 22, to 22 calculating corresponding circular
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states, respectively. The corresponding circular state calcula-
tors determine circular states for the sub-block redundant bits,
respectively. The determined circular states are set to 1nitial
states, and the first sub-block constituent encoding unit 20
and the second sub-block constituent encoding unit 30 per-
forms re-encoding on the same information sub-block based
on those 1nitial states. Thus, a circular encoding scheme 1s
applicable to each of the information sub-blocks and the
respective sub-block redundant bits are able to have the trellis
structure of which initial and final states are equal to each
other.

When the circular state calculators 22, to 22, calculate
circular states for the sub-block redundant bits, respectlvely,,
the circular states can be calculated from the ﬁnal states for
the sub-block redundant bits via formula. Alternatively, the
circular states can be found 1n a manner of composing and
storing a lookup table after completion of a calculation pro-
cess. The circular encoding scheme 1s described 1n detail by:
[1] C. Weaps, C. Bettstetter, S. Riedel, “Code Construction and
Decoding of Parallel Concatenated Tail-Biting Codes,” IEEE
Transactions on Information Theory, VOL. 47, No. 1, pp.
366-386, January 2001; and [2] C. Douillard, et al. “The
Turbo code Standard for DVB-RCS,” 2”? International Sym-
posium on Turbo Codes & Related Topics, Brest, France,
September 2000, pp. 535-538.

After completion of the encoding by the first sub-block
constituent encoding unit 20 and the second sub-block con-
stituent encoding unit 30, the serial converter 50 receives an
information bit sequence, the first sub-block redundant bits
and the second sub-block redundant bits and then converts the
received bits to a serial signal. For example of one informa-
tion frame, the first sub-block constituent encoding unit 20
outputs n first sub-block redundant-bit sequences and the
second sub-block constituent encoding unit 30 outputs n sec-
ond sub-block redundant-bit sequences. Accordingly, the
serial converter 50 converts the recerved bits to the serial
signal in a manner that information bits corresponding to one
information frame, the corresponding n first sub-block redun-
dant bit sequences and the corresponding n second sub-block
redundant bit sequences are aligned in their orders.

FIG. 7 1s a block diagram of an apparatus for decoding
turbo codes according to one embodiment of the present
invention. The decoding apparatus shown in FIG. 7 corre-
sponds to the turbo encoding apparatus shown 1n FIG. S and
1s an example of an apparatus for decoding the signal origi-
nating from a signal received via a wireless or wire transport
channel that induces imnformation loss.

Signals, which were encoded by the scheme explained 1n
FI1G. 5, modulated, transmitted via a wire/wireless channel,
received by a recerving side and then demodulated, includes
an information bit sequence, a first redundant-bit sequence
and a second redundant bit sequence. In this case, for one
information frame, the first redundant bit sequence corre-
sponds to the n first sub-block redundant-bit sequences gen-
crated by the first sub-block constituent encoding unit 20
shown 1n FIG. 5 and the second redundant bit sequence cor-
responds to the n second sub-block redundant-bit sequences
generated by the second sub-block constituent encoding unit
30 shown 1n FIG. §.

Referring to FIG. 7, a decoder according to one embodi-
ment of the present mmvention includes a first constituent

decoding module 75, a second constituent decoding module
85, a first decoder interleaver 100, a second decoder inter-
leaver 101 and a decoder deinterleaver 110. The first constitu-
ent decoding module 75 includes a first recerved sub-block
generator 60, a first sub-block constituent decoder 70 and a
first received sub-block combiner 90. The second constituent
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8

decoding module 8 includes a second receirved sub-block
generator 61, a second sub-block constituent decoder 80 and
a second received sub-block combiner 91.

The first received sub-block generator 60 receives the
information bit sequence and first redundant bit sequence
configuring the demodulated signal and a sequence of the
interleaved second extrinsic information. The second
received sub-block generator 61 receives the information bit
sequence and second redundant bit sequence configuring the
demodulated signal and a sequence of the interleaved first
extrinsic information. The first received sub-block generator
60 generates n recerved sub-blocks by dividing the informa-
tion bit sequence, the first redundant bit sequence and the
sequence of the interleaved second extrinsic information into
s1zed corresponding to an information frame.

The first decoder interleaver 100 receives the information
bit sequence configuring the demodulated signal and gener-
ates a interleaved information frame by performing interleav-
ing on each information frame of the received information bit
sequence. The second recerved sub-block generator 61 gen-
erates n received sub-blocks by dividing the information bat
sequence, the second redundant bit sequence and the
sequence of the interleaved first extrinsic information nto
s1zed corresponding to an information frame. In this case, a
received sub-block 1s defined as a set of adjacent information
bits, adjacent second or first redundant bits and adjacent and
interleaved second or first extrinsic information.

Information bits included in an i” received sub-block are
the demodulated signal corresponding to the information bits
included in an i”” information sub-block. Redundant bits
included in the i” received sub-block are the demodulated
signal corresponding to i” sub-block redundant bits. Inter-
leaved extrinsic information included in the i received sub-
block is to recover the information bits included in the i””
information sub-block. The sequence of the interleaved first
extrinsic information can be named a second intrinsic infor-
mation and the sequence of the interleaved second extrinsic
information can be called a first intrinsic information.

The first sub-block constituent decoder 70 performs 1nde-
pendent decoding on each of the n received sub-blocks out-
putted by the first recerved sub-block generator 60. The sec-
ond sub-block constituent decoder 80 performs independent
decoding on each of the n recerved sub-blocks generated by
the second received sub-block generator 61.

FIG. 8 1s a detailed block diagram of the first or second
sub-block constituent decoder 70 or 80 of the apparatus for
decoding turbo codes according to one embodiment of the
present invention. Referring to FIG. 8, the sub-block constitu-
ent decoder 70 or 80 includes n soft-decision decoders 71, to
72 . An operation performed by each of the soft-decision
decoders 71, to 72 1s identical to that of the first or second
constituent decoder 4 or 6 of the general turbo decoder shown
in FIG. 2. In particular, each of the soft-decision decoders 71,
to 72 calculates a transition metric, a forward metric and a
backward metric and then calculates extrinsic information
using the calculated metrics. Since the circular encoding
scheme has been applied to each of the mformation sub-
blocks, as mentioned in the foregoing description, the for-
ward and backward metric operational methods 1n the turbo
code decoding apparatus adopting the circular encoding
scheme are applicable in the same manner.

As each of the first and second sub-block constituent
decoder 70 and 80 decodes n received sub-blocks 1n parallel,
it outputs n extrinsic informations 1n parallel. Each of the first
and second recerved sub-block combiners 90 and 91 serially
connects the n extrinsic informations supplied by the corre-
sponding sub-block constituent decoder 70 or 80 and then
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outputs a result to the corresponding second decoder inter-
leaver 101 or the decoder deinterleaver 110.

The second decoder interleaver 101 performs interleaving
on a sequence of the received extrinsic informations by a unit
corresponding to an information frame, while the decoder
deinterleaver 110 performs 1nterleaving on a sequence of the
received extrinsic informations receirved from the second
received sub-block combiner 91 by a umit corresponding to an
information frame.

The sequence of the interleaved extrinsic informations out-
putted from the second decoder interleaver 101 1s inputted to
the second received sub-block generator 61, while the
sequence of the interleaved extrinsic informations outputted
from the decoder deinterleaver 110 1s inputted to the first
received sub-block generator 60. So, the sequences of the
interleaved extrinsic 1nformations are used for iterative
execution of the above-explained decoding process.

Meanwhile, each of the first and second sub-block con-
stituent decoders 70 and 80 1s able to perform n soft-decision
decodings 1n parallel. Accordingly, a decoding speed of the
turbo code decoding apparatus according to the present
invention increases n-times faster than that of the general
turbo coded decoding apparatus. And, since the circular
encoding scheme per information sub-block according to one
embodiment of the present invention has no additional bit
insertion unlike the periodic insertion method of tail bits, 1t 1s
able to provide band efficiency better than that of the general
transmission scheme that uses general turbo codes.

Moreover, the configuration according to one embodiment
of the present mvention 1s able to employ the operational
blocks, which configure the general turbo encoding and
decoding apparatuses, as they are without modification. For
instance, the soft-decision decoder 71 within the first or sec-
ond sub-block constituent decoder 70 or 80 1s 1dentical to the
first or second constituent decoder of the related art turbo
code decoding apparatus. So do the decoder interleavers 100
and 101 and the decoder deinterleaver 110. It can be said that
the mnformation sub-block generators 10 and 11, the received
sub-block generators 60 and 61 and the received sub-block
combiners 90 and 91 are just means for parallelization or
serialization. So, the turbo encoding and decoding appara-
tuses according to the present invention are able to minimize
an amount for calculation to 1increase a decoding speed.

The turbo encoding and decoding apparatuses according to
one embodiment of the present invention are able to enhance
decoding performance of turbo codes. If multi-circular
decoding 1s applied, a circular state can be provided to each
received sub-block. So, highly reliable metrics can be calcu-
lated 1n calculating forward and backward metrics.

Therefore, the present mvention provides the following
elfects or advantages. First of all, by applying a circular
encoding scheme to a plurality of information sub-blocks in a
process for encoding turbo codes and decoding a plurality of
received sub-blocks simultaneously 1n a process for decoding,
turbo codes, the present invention 1s able to enhance speed
and performance of a turbo code encoder or decoder. Sec-
ondly, in enhancing an encoding or decoding speed, band
eificiency 1s maintained and a corresponding calculation
amount 1s considerably small.

While the present invention has been described and illus-
trated herein with reference to the preferred embodiments
thereot, 1t will be apparent to those skilled 1n the art that
various modifications and variations can be made therein
without departing from the spirit and scope of the mvention.
Thus, 1t 1s mtended that the present mmvention covers the
modifications and variations of this invention that come
within the scope of the appended claims and their equivalents.
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10
INDUSTRIAL APPLICABILITY

Accordingly, the present invention 1s applicable to all tech-
nical fields for encoding and decoding.

What 1s claimed 1s:

1. A method of decoding a bit sequence encoded by turbo
code, the method comprising:

dividing a first information frame including imnformation

bits 1included 1n the encoded bit sequence 1nto at least

two first sub-blocks;

encoding, independently, each of the at least two received

sub-blocks to generate at least two first redundant bit

sub-blocks;

interleaving the information bits included 1n the encoded

bit sequence;

dividing a second information frame including the inter-

leaved information bits into at least two second sub-

blocks;

encoding, independently, each of the at least two second

sub-blocks to generate at least two second redundant bit

sub-blocks;

dividing a third information frame including a first inter-

leaved extrinsic information sequence, the information

bits, and first redundant bits into, at least two first
rece1rved sub-blocks:

decoding, independently, each of the at least two first

receirved sub-blocks:

interleaving the information bits, after demodulation;

dividing a fourth mnformation frame including a second

interleaved extrinsic information sequence, the inter-
leaved information bits, and second redundant bits into,
at least two second received sub-blocks; and

decoding, independently, each of the at least two second

received sub-blocks.

2. The method of claim 1, wherein the information bits
included in the first information frame are generated by turbo-
coding one mformation frame.

3. The method of claim 1, wherein each of the at least two
first received sub-blocks and the at least two second recerved
sub-blocks are decoded by a circular decoding scheme.

4. The method of claim 1, wherein each of the at least two
first received sub-blocks and the at least two second recerved
sub-blocks are decoded 1n parallel.

5. An apparatus for performing turbo encoding on infor-
mation bits mput by a unit of an information frame including
a predetermined number of bits, the apparatus comprising;:

a first constituent encoding module comprising:

a first information sub-block generator for dividing the
information frame into at least two first information
sub-blocks; and

a first sub-block constituent encoding unit comprising at
least two sub-block constituent encoders for encoding,
the at least two first information sub-blocks, respec-
tively;

an interleaver for interleaving information bits of the infor-

mation frame and outputting an interleaved information

frame, a second information sub-block generator for
dividing the interleaved information frame into the at
least two second information sub-blocks; and

a second constituent encoding module for independently

encoding each of at least two second information sub-

blocks.

6. The apparatus of claim 3, wherein the second constituent
encoding module comprises:

a second sub-block constituent encoding unit comprising,

at least two sub-block constituent encoders for encoding

the at least two second imnformation sub-blocks.
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7. The apparatus of claim 5, wherein each of the at least two
sub-block constituent encoders of the first sub-block constitu-
ent encoding unit comprises:

a recursive type convolutional encoder for outputting sub-
block redundant bits from the at least two first informa-
tion sub-blocks; and

a circular state calculator for deciding circular states of the
sub-block redundant bits; and

wherein each of the at least two sub-block constituent
encoders of the second sub-block constituent encoding
unit comprises:

a recursive type convolutional encoder for outputting sub-
block redundant bits from the at least two second 1nfor-
mation sub-blocks:; and

a circular state calculator for deciding circular states of the
sub-block redundant baits.

8. The apparatus of claim 5, wherein each of the at least two

sub-block constituent encoders of the first sub-block constitu-
ent encoding unit encodes each of the at least two {irst infor-
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mation sub-blocks via a circular encoding scheme and each of 20

the at least two sub-block constituent encoders of the second
sub-block constituent encoding unit encodes each of the at
least two second information sub-blocks via a circular encod-
ing scheme.

9. The apparatus of claim 5, wherein the at least two first
information sub-blocks comprise the information bits neigh-
boring to one another within the information frame and the at
least two second information sub-blocks of the interleaved
information frame comprise the information bits neighboring
to one another within iterleaved information frame.

10. The apparatus of claim 35, wherein the first sub-block
constituent encoding unit encodes each of the at least two first
information sub-blocks in parallel and second sub-block con-
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stituent encoding unit encodes each of the at least two second
information sub-blocks 1n parallel.

11. An apparatus for decoding a bit sequence encoded by a
turbo code, the apparatus comprising;:

a first constituent decoding module outputting a first
extrinsic information sequence 1 a manner of dividing a
first information frame including information bits
included 1n the encoded bit sequence and first redundant
bits 1nto at least two received sub-blocks and decoding
cach of the at least two received sub-blocks 1indepen-
dently;

a first decoder interleaver rearranging the mnformation bits
by performing interleaving on the information baits;

a second decoder interleaver interleaving to rearrange the
first extrinsic information sequence output by the first
constituent decoding module;

a second constituent decoding module outputting a second
extrinsic imnformation sequence 1 a manner of dividing a
second information Iframe including the rearranged
information bits and second redundant bits mto at least
two recerved sub-blocks and decoding each of the at
least two recerved sub-blocks independently; and

a decoder deinterleaver rearranging the second extrinsic
information sequence to output the second extrinsic
information sequence.

12. The apparatus of claim 5, wherein each of the at least
two sub-blocks for the first or second imnformation frame 1s
decoded 1n parallel.

13. The apparatus of claim 12, wherein each of the at least
two received sub-blocks 1s decoded by a circular decoding
scheme.
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